measures for PCI and ST-elevation myocardial infarction (STEMI)/ non-ST-elevation myocardial infarction (NSTEMI) were established to guide physicians with approaches for these interventions. [6] [7] [8] Although several multicenter registries have evaluated PCI procedures in Korea, [9] [10] [11] [12] [13] no nationwide contemporary PCI registries have been collected with standardized collection forms and unified reporting methods. The Korean Society of Cardiology (KSC) and Korean Society of Interventional Cardiology (KSIC) established the Korean percutaneous coronary intervention (K-PCI) registry to collect and report results in a standardized database for PCI case analysis throughout the country. The purpose of this study was to construct baseline data standards to setup treatment guidelines that reflect relevant clinical situations and to facilitate clinical research for cardiologists that treat CAD in Korea.
Materials and Methods

Participation and data definitions
The K-PCI registry final protocol was created in the task force team meeting and the K-PCI registry governing committee conference, it was designed for enrolling participants with respect to clinical diagnosis information, procedural data, and by considering major complications after PCI procedures performed to treat ischemic heart disease. The hospitals that could perform PCI were asked to participate and 92 hospitals voluntarily took part in this registry. Demographic characteristics, clinical history, procedural information and PCI complications that occurred before hospital discharge were collected retrospectively using case report forms (CRFs) comprised of a standard set of 54 data elements. When multiple interventions were performed in a subject, individual procedures were considered as single cases and were entered in the database. All variables corresponded with written definitions in the CRF dictionary (K-PCI registry 2014 CRF v1.4., Supplementary Table 1 in the online-only Data Supplement) to standardize the data, and were provided by using common specifications with question and answer cases for participants.
This study was approved by the local institutional review board (IRB) at each participating site. The written consent document was waived in participating centers, because of the retrospective nature of the study, with no clinical follow-up. Data were collected using a web-based reporting system.
Data collection and management
This report represents PCI data of the participating hospitals from January 1, 2014, through December 31, 2014. The K-PCI registry governing committee centrally managed the web-based registered study data. After the K-PCI registry was approved by the IRBs, demographic, procedural, and in-hospital outcomes data for 44967 PCI cases from 92 hospitals were collected. About half (45.7%) of the PCI centers were located in the capital area and high-volume facilities that performed more than 781 PCI procedures annually were concentrated in metropolitan areas, including Seoul (Fig. 1) .
The K-PCI data management and inspection program determined whether collected data were accurate and complete and the CRF variables were refined based on the program results. The K-PCI registry governing committee periodically monitored the enrollment status and shared the results with participating hospitals via newsletters, the committee also performed data management quality verification through the query process. 
Statistical analysis
Discrete data for demographic, clinical, procedural and outcome variables were presented as numbers and percentages and compared using Chi-square tests. Continuous variables are presented as medians with interquartile ranges (IQRs) unless otherwise specified, and were compared using the Student's t-test, analysis of variance (ANOVA) or the Wilcoxon rank-sum test, where applicable. All p values were 2-tailed, and a p value<0.05 was considered statistically significant. All analyses were conducted using R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Study populations
A total of 92 hospitals submitted data on 44967 PCI procedures performed from January through December 2014. The data presented in this report provide a contemporary assessment of PCI, as performed in Korea during the collection period, and represent important aspects of coronary interventions, including use of diagnostic support tools and procedural devices, as well as clinical outcomes before hospital discharge. Among the hospitals included in the K-PCI registry, 62% performed 500 or fewer PCI procedures and 11% performed more than 1000 PCIs during the collection period. Twelve hospitals (13%) performed 200 or fewer PCIs for one year and these hospitals accounted for 3.2% of all PCI procedures (Fig. 2) .
Clinical characteristics and presentation
Baseline demographic and clinical characteristics of included patients are presented in Table 1 years and the proportion of male patients was 70.3% (Fig. 3) (Fig. 4) . Patients that were between 60-80 years, were more likely to present with stable angina compared with other age groups, whereas patients in younger groups and elderly groups were more likely to present with acute coronary syndrome (ACS) (Fig 5A) . However, when this age-diagnosis interaction was sorted by gender, there was a trend toward a higher incidence of ACS in young male patients and elderly female patients (Fig. 5B, C) . Cardiogenic shock was identified in 3. 1% and cardiac arrest was present in 2.3% of patients in the 24 hours prior to admission. Beta blocking agents were the most frequently prescribed antianginal medication (53.5%) within 2 weeks of the procedure, followed by calcium channel blockers (36.5%), nicorandil (24. 1%), long-acting nitrates (17.6%), and trimetazidine (15.2%).
Non-invasive test and imaging studies
From the total number of patients undergoing PCI, only 13.9% (9.8% in ACS patients, 25 .8% in non-ACS patients) underwent certain types of non-invasive tests before the PCI ( Table 1 ). The treadmill test (TMT) was the dominant stress test (6.7% in ACS patients, 19 .5% in non-ACS patients). Of the non-ACS patients who underwent different types of non-invasive stress tests, 13.3% demonstrated positive TMT and 5. 1% demonstrated positive thallium single-photon emission computed tomography. Stress echocardiography and stress magnetic resonance imaging studies were done in less than 1% of patients in this registry. Coronary computed tomography (CT) angiography was performed in 13.7% (10.0% in ACS, 24. 1% in non-ACS) of patients and 42.7% of those patients had one vessel involved. Pre-PCI evaluation of left ventricular function was performed in 67.6% of patients and the mean left ventricular ejection fraction was 60.0%.
Procedural characteristics
Angiographic and procedural characteristics for each PCI procedure are presented in Table 2 . More than half of the patients had multivessel CAD, whereas 42.7% of patients had single vessel involvement. The left anterior descending artery was the most frequently involved vessel (70. 1%), followed by the right coronary artery (35.4%), left circumflex artery (27.3%), and left main coronary artery (4.9%). Among patients that underwent PCI, a chronic total occlusion lesion was present in 10.5% and an in-stent restenosis lesion was present in 7.6%. Graft vessel PCI was done in only 0.2 % of all procedures. Twothirds of the PCI procedures were performed in an elective setting. In this registry the trans-radial approach was more frequently (56. 1%) Values are presented as number (%). PCI: percutaneous coronary intervention 19. 1%, and drug-eluting balloon (DEB) was used in 5.9% of patients. A bare-metal stent was placed in only 1. 1% of all patients. Intravascular ultrasound (IVUS) was used in 28.6% of patients (27. 1% in ACS patients, 32.7% in non-ACS patients) as an adjunctive PCI support tool, whereas fractional flow reserve (FFR) was only performed in 3.7% of patients (2.5% in ACS patients, 7.2% in non-ACS patients).
Clinical outcomes during hospitalization
Patient clinical outcomes during hospitalization are summarized in Table 3 . The in-hospital, all-cause mortality for the entire cohort was 2.3% (1023 patients), of which 68.8% (704 patients) experienced cardiac-related deaths (Table 3 ). In-hospital mortality ranged from 0.2% in patients with stable angina to 6.9% in STEMI patients. Other in-hospital event rates were low including, non-fatal MI 1.6%, stroke 0.2%, urgent repeat revascularization 0.3%, and stent thrombosis in 0.4% (172 patients). There were significantly higher rates of all-cause mortality (3.0 vs. 2.0; p<0.001) and cardiac mortality (2.0 vs. 1.4%; p<0.001) in women undergoing PCI. The rates for transfusion during hospitalization were 2.2%, which was higher in women (2.9 vs. 1.9%; p<0.001). Although the number of PCI procedures peaked in March and December, the incidence of in-hospital events was evenly distributed throughout the year. However, the rates of in-hospital cardiac events were significantly higher when PCI cases were performed during weekends than for procedures performed during weekdays (9.4 vs. 3.8%; p<0.001; Fig.  6 ), this is likely because most cases performed over the weekend were in emergency settings.
Centers patterns and results
To understand differences in demographics, procedural characteristics and clinical outcomes between high vs. low PCI volume centers, we divided all PCI centers into three tertiles based on the number of PCIs performed during the collection period (1st tertile: 41-493; 2nd tertile: 494-780; 3rd tertile: 781-1794). Patients in highvolume centers were more likely to have a history of hypertension, dyslipidemia, renal failure, peripheral vascular disease, prior PCI, and coronary artery bypass graft than patients from lower volume centers (Table 4 ). High volume centers had more stable patients, used non-invasive pre-tests more frequently, and more frequently performed elective PCI with a trans-radial approach using IVUS/ FFR (Table 5 ). In contrast, low volume centers had higher incidences of acute myocardial infarction, cardiogenic shock or cardiac arrest. Thus, these centers performed emergency PCI more frequently (24.4 vs. 14.9%; p<0.001) without IVUS/FFR and were less likely to conduct non-invasive pre-tests. Consequently, low volume centers showed higher in-hospital mortality (2.7 vs. 2.3 vs. 1.8%; p<0.001) ( Table 6) .
Discussion
This study represents the first nationwide database for PCI in Korea that was collected and analyzed by the KSC/KSIC K-PCI registry. Key findings were as follows: 1) thirty-eight percent of patients presented with acute myocardial infarction and one-third of all PCI procedures were performed in urgent or emergency settings, 2) non-invasive stress tests were performed in 13.9% of cases, while coronary CT angiography was used in 13.7% of cases before PCI, 3) radial artery access was used in 56. 1% of all PCI procedures, 4) devices used in PCI included DES, POBA, DEB, and BMS (91.3%, 19. 1%, 5.9%, and 1. 1% of all procedures, respectively), 5) the incidences of in-hospital death, non-fatal myocardial infarction, and stroke were 2.3%, 1.6%, and 0.2%, respectively, 6) depending on the case volume of each center, there were differences in the baseline demographics, clinical characteristics, and in-hospital clinical outcomes after PCI.
The National Cardiovascular Data Registry (NCDR) of the American College of Cardiology Foundation (ACCF) is a representative database that was developed to assist healthcare providers document their processes and quality of care in the cardiac catheterization laboratory.
14)15) This registry records data on patient and hospital characteristics, clinical presentation, length of hospital stay, treatment information, and in-hospital outcomes for PCI procedures from >1000 sites across the United States. Several European countries are now conducting nationwide interventional registries that are organized either by a scientific society or the government. [16] [17] [18] [19] [20] However, patterns for Korean PCI practice have differed, compared to western countries, therefore a Korean database that reflects relevant situations in Korea is needed.
After FDA approval, the use of DES rapidly increased by up to 89% of all stents that were implanted in 2005. However, after research presented in 2006 suggested that there was an increase in adverse events in patients that received DES, use declined to 66% of all stents and was recorded as 73% in 2011. 21) In the US, physicians were less likely to use DES for patients that presented with myocardial infarction and were at high risk for stent thrombosis compared to unstable angina. In this cohort, DESs were used in 91.3% of all procedures, whereas only 1. 1% of patients received bare-metal stents. Moreover, physicians consistently used DES across clinical diagnoses at initial presentation. Even in STEMI patients that underwent primary PCI, 92.2% received DES. Although the position of DES during primary PCI was not extensively established and increased risk of late stent thrombosis was indicated, 22) the practice pattern of DES use might reflect a gap in knowledge between actual and alleged benefits of DES, thus representing a possibility to improve clinical outcomes and quality of care for patients with different clinical presentations.
In this cohort, IVUS was used in 32.7% and FFR was used in 7.2% 24) Further research studies are needed to elucidate the implementation of adjunct PCI support tools in lesions with different locations and different severities in our cohort.
The overall in-hospital mortality rate for PCI patients in this report was somewhat higher than previous registries. 25)26) In-hospital mortality among 181775 PCI procedures performed from January 2004 through March 2006 in US NCDR was 1.27%, ranging from 0.65% in elective PCI to 4.81% in STEMI patients. 25) In our registry, in-hospital mortality ranged from 0.2% in patients with stable angina to 6.9% in STEMI patients. Higher overall in-hospital mortality in our registry can be partly explained by older age, more female patients, higher proportion of diabetes mellitus, and greater likelihood of undergoing emergency PCI in subjects included in our registry. Although the exact mechanism of higher mortality in the K-PCI registry has not been fully elucidated, additional mortality risk model assessment is needed to accurately measure patient risks in order to improve quality of care and shared decision making. 27) We found significant variations between high vs. low PCI volume centers in terms of baseline demographic, clinical characteristics and in-hospital clinical outcomes. For example, the frequency of noninvasive tests before PCI was 12% in low-tertile volume centers while 17% in high-tertile volume centers. The frequency of IVUS/ FFR use during PCI was 27% in low-volume centers while 40% in high-volume centers. These actual differences, particularly the lower utilization of IVUS or FFR during procedures in low-tertile volume centers, suggest an important opportunity to improve the consistency of care for patients undergoing PCI because evidence indicates that adjunct PCI support tools can reduce repeat revascularization and stent thrombosis rates after PCI with DES implantation. [28] [29] [30] The lower utilization of IVUS/FFR during PCI or non-invasive tests before PCI in low-volume centers could be related to critical care or patient emergencies. The low-volume centers had fewer patients with stable angina (20 vs. 35% in high-volume) and that underwent less elective PCI (60 vs. 75% in high-volume centers) than high-volume centers. In other words, low-volume centers more frequently performed urgent/ emergency PCI for patients with ACS than high-volume centers. This could affect the ability of centers to use non-invasive tests before PCI or IVUS/FFR during PCI, which is possible in more stable patients or in PCI situations. This analysis was not designed to formulate definite conclusions from this observation. Therefore, additional research efforts are needed to elucidate how the differences in quality of care have affected clinical outcomes in high-vs. low-volume centers.
Performance measures and outcome implementation information from the K-PCI registry could provide data for creating and developing Korean guidelines for PCI, acute myocardial infarction, and unstable angina/non-ST-elevation myocardial infarction. The K-PCI registry will support improvements in catheterization laboratory performance around the country and assist in the acquiring and maintaining individual physician certification for KSIC. The K-PCI registry committee is currently planning to capture catheterization data in 2016 and this report will be the most comprehensive database for PCI in Korea.
Limitations
There were some limitations to this study that should be considered when interpreting the results. First, patients and hospitals participating in the K-PCI registry may not have been representative of all Korean PCI procedures. However, the K-PCI registry represents 92 PCI-capable hospitals across Korea and captures the majority of PCI procedures performed nationally. Second, several factors 
Conclusion
This study presents the first Korean PCI data collected and analyzed by the KSC/KSIC K-PCI registry. These data may provide an opportunity to understand current PCI practices and in-hospital outcomes in Korea and could be used as a foundation for developing treatment guidelines and nationwide clinical research.
